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We use the excited coherent states built over the initial non-de Sitter modes, to
study the modification of spectra of primordial scalar fluctuation. Non-de Sitter modes
are actually the asymptotic solution of the inflaton field equation[JHEP 09(2014) 020].
We build excited coherent states over the non-de Sitter modes and despite the lack of
interactions in the Lagrangian, we find a non-zero one-point function. It is shown that the
primordial non-Gaussianity resulting from excited-de Sitter modes depend both of time and
background space-time. It is very tiny of order (≤ 10−24) , at the Planck initial fixed time
that confirmed by resent observations for single field inflation but it grows in the present
epoch. Moreover, our results at the leading order are similar to what obtained with general
initial states and in the dS limit leads to standard results [JCAP 1202(2012) 005]. We will
show that the non-dS modes and its resulting spectrum are more usable for far past time
limit.
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I. INTRODUCTION
Inflation scenario was originally proposed in the 1980’s in order to overcome some essential prob-
lems of the Big Bang theory [1–3]. This scenario could potentially predict the scale invariance of the
power spectrum and also the Gaussian distribution of primordial fluctuations. Remarkably, inflation
is thought to be responsible both for the large-scale homogeneity of the universe and the small fluc-
tuations that were the seeds for the formation of the large-scale structure (LSS). Actually, very rapid
expansion of the quantum fluctuations causes the inflated modes to be freezed in the super-horizon
region so that they became as the classical fluctuations. These classical density fluctuations ∆ρ/ρ
can appear in the form of observable temperature fluctuations i.e. ∆T/T in the cosmic microwave
background (CMB)[4–8].
The recent detections of observational cosmology such as scalar spectral index ns and the parameter
of non-Gaussianity fNL of the CMB [9, 10] opens new windows to the physics of very early uni-
verse. Actually, the recent CMB results from Planck satellite and data from the Wilkinson Microwave
Anisotropy Probe (WMAP)[11], impose an interesting constraint on the value of scalar spectral index
approximately to be ns = 0.9603 ± 0.0073 at 95% CL [9]. In [12], we considered this constraint to
show that the index of Hankel function ν , as the general solution of inflaton field equation, lies in the
range of 1.51 ≤ ν ≤ 1.53 1 which it motivated us to the departure from BD mode to non-BD modes.
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1 Since the Bunch-Davies(BD) mode [34] is used just for pure de Sitter(dS) space-time i.e. ν = 3/2 , this range of ν
motivates us to consider non-dS modes for quasi(excited)-dS space-time.
2There has been a great deal of work focused on modifications of usual initial states and BD mode to
calculate its effects on inflation, including α -vacuum [13], general multi-mode squeezed states [14–19],
homogeneous initial states [20], general Gaussian and non-Gaussian initial states [21], coherent states
and α -states [22, 23], excited initial inflationary states [24]. Also, in [25, 26], the effect of having ther-
mal initial state on the power spectrum has already been considered. In [27, 28] a family of excited
states that are indistinguishable from the BD mode at the level of two-point function or three-point
function has been considered. Noting that, any non-linear effects in the expansion process or in the
transformations between various stages of cosmic expansion process, will influence the final observable
data [13, 29]. In this paper we consider non-BD modes with non-linear part as the primary factors
that could be an important source to generate scale-dependent power spectrum and non-Gaussianity.
Such nontrivial modes have been used to calculate scale-dependent power spectrum with higher order
of trans-Planckian corrections [12, 30]. On the other hand in [31, 32], it is proved that by using
these non-BD modes, one receives a renormalized theory of quantum field in which the symmetry of
curved space-time is preserved. The main purpose of present work is to calculate the effects of non-dS
modes with non-linear part on the spectra of fluctuations by employing of coherent states which is the
generalization of [22].
The rest of this paper proceed as follows: in Sec. 2 we review our recent work [12] which is about
non-dS modes and motivations applying of it. In the section, first we study quantum fluctuations of
scalar field during inflation in non-dS space-time and next we compute the power spectrum with BD
mode and non-dS modes. In the main Sec. 3, by using non-dS modes, we generalize the results of [22]
in coherent states by explicitly calculating one-point and two-point functions. We also present some
discussions about the primordial non-Gaussianity resulting from non-linear part of non-dS modes.
Conclusions and outlook are given in the final section.
II. QUANTUM FLUCTUATIONS OF NON-DS MODES
Let us start with the following action of minimally coupled real scalar field
S =
1
2
ˆ
d4x
√−g
[
R− (∇φ)2 − 2V (φ)
]
, (II.1)
where 8πG = ~ = 1 is used. The scalar perturbations in the inflaton field are described in terms of
the gauge invariant comoving curvature perturbation R which is given by [7, 12]
R = Ψ+
H
˙¯φ
δφ, (II.2)
where Ψ is the spatial curvature perturbation. This form of scalar curvature in fact fixes the fictitious
gauge modes [7]. Taking the dS flat metric and after expanding (II.1) to the second order one arrives
to the Mukhanov action,
S =
1
2
ˆ
d3xdτ
[
(υ′)2 + (∂iυ)
2 − z
′′
z
υ2
]
, (II.3)
where the Mukhanov variable υ is defined as, υ = zR with z2 = a2
˙¯φ2
H2
, and the prime is the derivative
with respect to conformal time τ and a is the scale factor. Therefore the equation of motion in Fourier
space is given by [7, 20],
υ′′k + (k
2 − z
′′
z
)υk = 0. (II.4)
3The quantization can indeed be done as follows
υ → υˆ =
ˆ
dk3
(2π)3
(
aˆkυk(τ)e
ik·x + aˆ†
k
υ∗k(τ)e
−ik·x
)
, (II.5)
where aˆk and aˆ
†
k
are the annihilation and creation operators, respectively. Also, for the Fourier
components υk , we have following decomposition,
υk → υˆk = 1√
2
(aˆkυk(τ) + aˆ
†
−kυ
∗
−k(τ)). (II.6)
A. General Non-dS Inflationary Modes
For the dynamical inflationary background, the equation (II.4) change to general form as follows
[7, 12, 35],
υ′′k + (k
2 − 2α
τ2
)υk = 0, (II.7)
where α is given by [12, 35],
α = α(ν) =
4ν2 − 1
8
. (II.8)
The general solutions of mode equation (II.7) can be written as [7, 12]:
υk =
√
πτ
2
(
AkH
(1)
ν (|kτ |) +BkH(2)ν (|kτ |)
)
, (II.9)
where H
(1,2)
ν are the Hankel functions of the first and second kind, respectively. Let us consider the
general form of the mode function by expanding the Hankel functions up to the higher order of 1/|kτ |
υgenk (τ, ν) = Ak
e−ikτ√
k
(
1− i α
kτ
− β
k2τ2
− ...)+Bk eikτ√
k
(
1 + i
α
kτ
− β
k2τ2
+ ...
)
, (II.10)
note that β = α(α − 1)/2 . The positive frequency solutions of the mode equation (II.7) are given by
[12]
υNDk =
e−ikτ√
k
(
1− i α
kτ
− β
k2τ2
− ...
)
. (II.11)
These modes are non-linear in terms of both variables ν and τ . If we consider these modes up to
first order of 1/kτ , we will have
υND1k =
e−ikτ√
k
(
1− i α
kτ
)
, (II.12)
that the modes are linear in terms of τ and non-linear in terms of ν . In special case of the pure dS
space-time(ν = 3/2), the general form of the mode functions (II.11) leads to the exact BD mode:
υBDk =
1√
k
(1− i
kτ
)e−ikτ . (II.13)
For this case, one has a(t) = eHt , or a(τ) = − 1
Hτ
, with H = constant for very early universe. In
[12], an asymptotically flat excited solution (II.11) has been considered during the inflation in which
the best values of ν which are confirmed with the latest observational data [9], is 1.51 ≤ ν ≤ 1.53 .
This result motivated us to the departure from BD mode to non-BD modes. Therefor we use non-dS
modes (II.11) instead dS mode as the fundamental modes for our calculation in the next sections.
4B. Scale-Dependent Power Spectrum with non-dS Modes
As the mentioned in above, the observations of CMB and LSS tell us conclusively that the cosmic
inflation is described by nearly dS space-time and the power spectrum of the fluctuations produced
during inflation is nearly scale invariant (i.e. ns ≈ 1) [9, 10]. Motivated by this fact, we use the
non-dS modes instead of the usual BD mode. Using the modes introduced in (II.11) one obtains
PR =
1
2a2
(
H2
˙¯φ2
)|υNDk (τ)|2. (II.14)
For the super-horizon limit kτ ≪ 1 , the following modified power spectrum in terms of ν has been
calculated [12]
∆2R =
H2
(2π)2
(
H2
˙¯φ2
)
[
1
2
(
2ν + 1
2ν − 1) + (2ν + 1)
2 (4ν
2 − 9)2
64k2τ2
+ ...
]
. (II.15)
It is worth to mention that the following relation for τ is used [35],
τ =
−1
aH
(
ν − 1
2
)
, (II.16)
where, we have assumed that ν ≈ 3/2 + ǫ with a constant slow-roll parameter ǫ [35]. This indicates
that the conformal time τ can be depends on ν . On the other hand, for ND1 modes (II.12) one
obtains the modified power spectrum as,
∆2R =
H2
(2π)2
(
H2
˙¯φ2
)
[
1
2
(
2ν + 1
2ν − 1)
]
. (II.17)
Where the curvature perturbation is given by Rk(τ) =
υk(τ)
a
(H/ ˙¯φ) . Also, PR and ∆
2
R are the power
spectrum and dimensionless power spectrum [12], respectively.
For pure dS phase namely ν = 3/2 , one obtains
α = 1, ǫ =
−H˙
H2
= 0, (II.18)
which is the same as the result of using of the BD mode and (II.15) reduces to the standard scale
invariant power spectrum. Therefore, with regarding the above results, it is deduced the utilizing
of non-dS modes, can be consider as the primary factor for generating the scale-dependent power
spectrum and non-Gaussian effects in CMB. Similar to our results, the non-linear corrections of power
spectrum obtained from previous conventional methods [35- 44]. We are going to investigate this issue
by making use of coherent state in the next section.
III. CALCULATION OF SPECTRA IN COHERENT STATES
Since, we do not know anything about the physical states before inflation, any excited state is as
good an initial state as the vacuum state. Excited states can be made by using creation operators aˆ†k
over the vacuum state |0〉 ,
|ψ〉 = 1√
n1!n2!...
[(aˆ†k1)
n1(aˆ†k2)
n2...]|0〉, (III.19)
5where for the excited coherent state, we have |ψ〉 ≡ |C〉 and the coherent state |C〉 is defined as
aˆk|C〉 = C(k)|C〉, and 〈C|aˆ†k = 〈C|C∗(k). (III.20)
In fact, the coherent state are the quantum states that well describe the quantum harmonic oscillator
whose dynamics resembles the classical harmonic oscillator behaviors.
If we build coherent state over the BD mode |0〉 in (III.19), the homogeneity in the large-scale as a
physical constrain leads to deduce the one-point function of Rˆ in the super-horizon limit |kτ | ≪ 1 to
be zero2,
〈C|Rˆk(τ)|C〉 = 0, (III.21)
where Rˆk is defined by,
Rˆk(τ) =
1√
2
[aˆkR
∗
k(τ) + aˆ
†
−kRk(τ)], (III.22)
where,
RBDk (τ) = (
H
a ˙¯φ
)
1√
k
(1− i
kτ
)e−ikτ . (III.23)
So, the constrain (III.21) leads to the following condition
C∗(−k) = C(k), (III.24)
with these coherent states as the initial excited states, we can compute two-point function as follows
[22],
〈Rˆk(τ)Rˆk′(τ)〉 = 〈C|Rˆk(τ)Rˆk′(τ)|C〉 =
1
2
(2π)3
H4
˙¯φ2k3
δ3(k + k′) (III.25)
Note that the calculated power spectrum (III.25) with coherent state |C〉 , is exactly like to the
calculated power spectrum with BD mode |0〉 . Therefore one has,
〈C|Rˆk(τ)Rˆk′(τ)|C〉 = 〈0|Rˆk(τ)Rˆk′(τ)|0〉. (III.26)
IV. COHERENT STATES OVER THE NON-DS MODES
The present observations of the CMB temperature inhomogeneities indicates the presence of almost
scale-invariant spectrum of curvature perturbations [9]. On the other hand theoretically, temperature
fluctuations of CMB and LSS are directly originated from the curvature perturbations produced during
inflation.
The correction terms in non-dS modes was very tiny (nonzero) in the early time but can be grow in
the later time. As it is known at the early time in short distance regime the energy of the universe was
very high and the potential of the universe has located in the state with maximal symmetry, therefore
these tiny corrections terms of initial modes at early time limit may play a role as initial sources to
spontaneous symmetry bricking, bubble nucleation, and creation of inflating universe. In the context
2 This condition only for the BD mode |0〉 is true, but for a general initial state and for interacting quantum field, the
operator Rˆk can have a non-vanishing expectation value [23].
6of effective field theory, in short distance scales and in the sub-horizon limit the initial symmetry may
be broken by such non-linear effects to outburst and propagation quantum fields and particles [48] in
the super-horizon scale to formation of large galaxies and galaxies cluster. To verify this claim, let us
first build coherent excited states over non-dS modes and examine the effects of the correction terms
in the sub-horizon and super-horizon limit.
It is shown in the previous section that the one-point function for coherent states built over BD
mode(special case of non-dS modes with ν = 32 and linear order of
1
kτ
) in the super-horizon limit
is zero under the constraint (III.21). In this subsection we build coherent excited states over non-
dS modes and we want to compute one-point and two-point functions, respectively. Note that all
coefficients of 1(kτ)n , n ≥ 2 in (II.11) are important but for simplification of calculations and results,
we stop the expansion up to the second order.
A. Calculation of One-Point Function
We can write
〈C|Rˆk(τ)|C〉ND = 〈C|Rˆk(τ)|C〉L + 〈C|Rˆk(τ)|C〉NL. (IV.27)
Where the first term on the right hand side corresponds to the linear part of non-dS modes and the
second term corresponds to the contribution of non-linear part. If we apply condition (III.24), the
first term of the above equation will be zero, however the second term is non-zero leading to
〈C|Rˆk(τ)|C〉ND = 〈C|Rˆk(τ)|C〉NL =
−2C(k)β
k2τ2
+ .... (IV.28)
In other words the second or higher order terms of 1/kτ inserted in the non-dS modes act like general
initial state or interacting field in effective field theory method. We would like to note that in the
presence of three-point interaction [45], one has 〈C|Rˆk(τ → 0)|C〉 6= 0 [22, 23], while in the present
method, just because of the presence of higher order corrections terms of 1/kτ , we can obtain non-zero
one-point function. This can leads to a non-zero three-point function as the following,
〈RˆNLk1 (τ)RˆNLk2 (τ)RˆNLk3 (τ)〉 6= 0. (IV.29)
Actually, the non-dS modes can play the role of redefined fields [22, 23] in the interaction picture. In
the next subsections similar to the approach of [22], we will compute power spectrum with non-dS
modes.
B. Calculation of Two-Point Function
The power spectrum is calculated as follows
〈C|Rˆk(τ)Rˆk′(τ)|C〉 = (
H
a ˙¯φ
)2〈C|υˆk(τ)υˆk′(τ)|C〉 (IV.30)
with the non-dS modes of (II.11), one obtains
〈C|υˆNDk (τ)υˆNDk′ (τ)|C〉 =
1
2
(2π)3δ3(k + k′)|υNDk (τ)|2 +A(k,k′)υND
∗
kυ
ND∗
k′ +A(-k, -k
′)υNDk υ
ND
k′
+B(-k,k′)υNDk υ
ND∗
k′ +B(k, -k
′)υND
∗
kυ
ND
k′ , (IV.31)
7where we can write,
A(k,k′) =
1
2
〈C|aˆkaˆk′ |C〉 , A(-k, -k′) =
1
2
〈C|aˆ†
-k
aˆ†
-k
′ |C〉
B(k, -k′) =
1
2
〈C|aˆkaˆ†-k′ |C〉 , B(-k,k′) =
1
2
〈C|aˆ†
-k
aˆk′ |C〉. (IV.32)
By introducing k∗ =
√
kk′, k¯ = k+k′ , δk = k−k′ and after making use of the non-dS modes (II.11),
the two-point function is found to be
〈C|υˆNDk (τ)υˆNDk′ (τ)|C〉 = 〈C|υˆk(τ)υˆk′(τ)|C〉ND =
1
2
(2π)3δ3(k + k′)
1
k
(1 +
α
k2τ2
+
β2
k4τ4
+ ...)
+A(k,k′)
eik¯τ
k∗
[
1 +
iα
τ
(
k¯
k2∗
)− α
2
k2∗τ
2
− β
τ2
(
k¯2 − 2k2∗
k4∗
)− iαβ
k2∗τ
3
(
k¯
k2∗
) +
β2
k4∗τ
4
+ ...
]
+B(-k,k′)
e−iδkτ
k∗
[
1 +
iα
τ
(
δk
k2∗
) +
α2
k2∗τ
2
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
iαβ
k2∗τ
3
(
δk
k2∗
) +
β2
k4∗τ
4
+ ...
]
+B(k, -k′)
eiδkτ
k∗
[
1− iα
τ
(
δk
k2∗
) +
α2
k2∗τ
2
− β
τ2
(
k¯2 − 2k2∗
k4∗
)− iαβ
k2∗τ
3
(
δk
k2∗
) +
β2
k4∗τ
4
+ ...
]
+A(-k, -k′)
e−ik¯τ
k∗
[
1− iα
τ
(
k¯
k2∗
)− α
2
k2∗τ
2
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
iαβ
k2∗τ
3
(
k¯
k2∗
) +
β2
k4∗τ
4
+ ...
]
, (IV.33)
Equivalently, shares arising from the linear and non-linear terms of 1/kτ of non-dS modes, similar to
(IV.27), the above relation can be written as
〈C|υˆk(τ)υˆk′(τ)|C〉ND = 〈C|υˆk(τ)υˆk′(τ)|C〉L + 〈C|υˆk(τ)υˆk′(τ)|C〉NL. (IV.34)
Where for the linear part of non-dS modes (II.11), one has
〈C|υˆk(τ)υˆk′(τ)|C〉L =
1
2
(2π)3δ3(k + k′)
1
k
(1 +
α
k2τ2
)
+A(k,k′)
eik¯τ
k∗
[
1 +
iα
τ
(
k¯
k2∗
)− α
2
k2∗τ
2
]
+B(-k,k′)
e−iδkτ
k∗
[
1 +
iα
τ
(
δk
k2∗
) +
α2
k2∗τ
2
]
+B(k, -k′)
eiδkτ
k∗
[
1− iα
τ
(
δk
k2∗
) +
α2
k2∗τ
2
]
+A(-k, -k′)
e−ik¯τ
k∗
[
1− iα
τ
(
k¯
k2∗
)− α
2
k2∗τ
2
]
, (IV.35)
and the non-linear part of modes (II.11), is as follows
〈C|υˆk(τ)υˆk′(τ)|C〉NL =
1
2
(2π)3δ3(k + k′)
1
k
(
β2
k4τ4
)
8+A(k,k′)
eik¯τ
k∗
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
)− iαβ
k2∗τ
3
(
k¯
k2∗
) +
β2
k4∗τ
4
]
+B(-k,k′)
e−iδkτ
k∗
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
iαβ
k2∗τ
3
(
δk
k2∗
) +
β2
k4∗τ
4
]
+B(k, -k′)
eiδkτ
k∗
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
)− iαβ
k2∗τ
3
(
δk
k2∗
) +
β2
k4∗τ
4
]
+A(-k, -k′)
e−ik¯τ
k∗
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
iαβ
k2∗τ
3
(
k¯
k2∗
) +
β2
k4∗τ
4
]
, (IV.36)
If we consider special case ν = 3/2 or α = 1, we will have β = 0, and 〈C|υˆk(τ)υˆk′(τ)|C〉NL = 0, so
we obtain,
〈C|υˆk(τ)υˆk′(τ)|C〉L =
1
2
(2π)3δ3(k + k′)
1
k
(1 +
1
k2τ2
)
+A(k,k′)
eik¯τ
k∗
[
1 +
i
τ
(
k¯
k2∗
)− 1
k2∗τ
2
]
+B(-k,k′)
e−iδkτ
k∗
[
1 +
i
τ
(
δk
k2∗
) +
1
k2∗τ
2
]
+B(k, -k′)
eiδkτ
k∗
[
1− i
τ
(
δk
k2∗
) +
1
k2∗τ
2
]
+A(-k, -k′)
e−ik¯τ
k∗
[
1− i
τ
(
k¯
k2∗
)− 1
k2∗τ
2
]
, (IV.37)
Noting that this result is the same as what obtained in [22] where the general initial states with BD
mode has been used whereas we used the coherent states with non-dS modes. For the super-horizon
limit, by applying condition (III.24), one achieves following constrain,
A(k,k′) = A(-k, -k′) = B(k, -k′) = B(-k,k′) =
1
2
C(k)C(k′). (IV.38)
Note that by consideration above condition, the sum of the last four terms of the equation (IV.37) is
equal to zero and we obtain
〈C|υˆk(τ)υˆk′(τ)|C〉L ≈
1
2
(2π)3δ3(k + k′)
1
k3τ2
. (IV.39)
Consequently, one receives scale invariant power spectrum. Considering the general case of ν > 3/2
or α 6= 1, leads to β 6= 0. In this case, one should consider the contribution of non-linear terms of
1/kτ in the calculation of the power spectrum. As a result, the non-zero contribution of non-linear
corrections for power spectrum is obtained as, 〈C|υˆk(τ)υˆk′(τ)|C〉NL 6= 0. Therefore, by applying
condition (IV.38) for the super-horizon limit, one obtains
〈C|υˆk(τ)υˆk′(τ)|C〉NL ≈
1
2
(2π)3δ3(k + k′)
1
k
(
β2
k4τ4
+ ...)
9+ 2C(k)C(k′)
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
β2
k4∗τ
4
+ ...
]
. (IV.40)
Finally, we obtain two-point function for general non-dS modes in the super-horizon limit as,
〈C|υˆk(τ)υˆk′(τ)|C〉ND ≈
1
2
(2π)3δ3(k + k′)
1
k
(
α
k2τ2
+
β2
k4τ4
+ ...)
+ 2C(k)C(k′)
[
− β
τ2
(
k¯2 − 2k2∗
k4∗
) +
β2
k4∗τ
4
+ ...
]
. (IV.41)
Note that, resulting from non-linear corrections terms of non-dS modes and according to the results
obtained for the one-point function(IV.28)it looks for two-point function (IV.41) and for the three-
point function (IV.29), the corrections can be of order (≤ 1/(kτ)4) and (≤ 1/(kτ)6 , respectively. For
initial fixed time τ0 = −MP lHk , if MP l is the Planck scale, HMP l is at most 10−4 [44], and we can obtain
(≤ 1/(kτ0)4) ≈ ( HMP l )4 ≈ 10−16 and (≤ 1/(kτ0)6 ≈ (
H
MP l
)6 ≈ 10−24 , that indicates the resulting
corrections are very tiny at Planck time τ0 , and it imply the nearly scale-invariant power spectrum
and almost Gaussian distribution in CMB3. This final result emphasize that our non-dS modes are
more usable for far past time limit.
V. CONCLUSIONS
It is known that any deviation of Bunch-Davies initial state in inflation would lead to corrections
of the power spectrum. In this paper we have employed the initial non-dS modes to study the
corrections of the spectra mainly coming from the comoving curvature perturbation. Non-dS modes
are actually the asymptotic expansion of the Hankel function with index ν ≈ 3/2 + ǫ , as the general
solution of inflaton field equation at very early universe. This followed from the fact that the
space-time of inflation are indeed nearly dS space-time but not exact dS space-time, this motivates
one to deviate dS mode and consider general non-dS modes. As a matter of fact when one carries
out the renormalization with the non-dS modes the symmetry of the space-time is preserved as long
as the dS space-time is supposed to be as the background [31]. Explicitly calculations showed that
using such modes leads to tiny and non-zero one-point function for far past time. This result may
mean that the anisotropy of CMB radiation, can be originated from the non-linearity of the initial
states. Note that the corrections obtained with non-dS modes very closely related to the non-linear
corrections that have calculated with general initial states in ref.[22], and in fact, be complementary
corrections were obtained with linear BD mode. It looks the non-linear part of non-dS modes, can
play the role of redefined fields in the interaction picture to calculate of three-point functions. Finally,
it is shown that the primordial non-Gaussianity in single field inflation resulting from initial non-dS
states at the Planck scale, might be very tiny that confirmed by resent observation. Moreover, our
results at the leading order were similar to what obtained with general initial states and in the dS
limit leaded to standard result.
Although, we examine both of sub-horizon and super-horizon limits, but we emphasize that our
non-trivial modes and resulting spectra are more reasonable and suitable for far past time limit,
kτ ≫ 1 , specially for initial fixed time τ0 . In future work we will study what interaction terms
3 An adiabatic, Gaussian and nearly scale-independent scalar power spectrum has also been confirmed by Wilkinson
Microwaves Anisotropy Probe 9-year data [49] and Planck data released in 2013 [9].
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and what form of potential in the Lagrangian can lead to the corrections terms in the the non-dS mods.
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